Reference manual for the Thermal Analyst's Help Desk Expert System by Ormsby, Rachel A.
NASA Contractor Report 194941
Reference Manual for the Thermal
Analyst's Help Desk Expert System
Rachel A. Ormsby
Lockheed Engineering and Sciences Company




FOR THE THERMAL ANALYST'S HELP DESK
EXPERT SYSTEM (Lockheed

















This reference manual contains both technical and programming guides for the expert system,
Thermal Analyst's Help Desk. The Thermal Analyst's Help Desk provides the user with a capability
for performing the preliminary analyses required to determine the thermal characteristics of a
spacecraft. It gives the analyst a first look at the parameters required and provides an assessment
of the feasibility of a preliminary thermal system design. Analyses can be performed on a single flat
plate or a rectangular box enclosure. The enclosure analysis can be performed at a single orbit point
or at a user defined number of orbit points. The orbit itself may be any elliptical conic section around
any planet.
This reference manual is intended to give the knowledge engineer insight into the theory and
development of the Thermal Analyst's Help Desk. It is not the purpose of this document to describe
capabilities and functions that are contained in the EXSYS® manual. Therefore, there are locations
in this document that are lacking in information. In these locations there are references to the
EXSYS® manual and other readings about expert systems. It is not intended to replace those
references in this manual. In certain instances, EXSYS® options are described more fully to give the
knowledge engineer further insight into specific aspects of EXSYS® that are used in Help Desk.
This work was performed at the Langley Program Office of the Lockheed Engineering and Sciences
Company for the Advanced Space Concepts Division at NASA Langley Research Center under contract
number NASl-19000.
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Qi heat load through the surface
Ebi blackbody radiation emitted from the surface =
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Osj solar absorptivity
aia infrared absorptivity = emissivity
EJ emissivity of the surface
E earth flux
S solar flux
Pi solar view factor for the surface
FiE earth view factor for the surface
ALB albedo coefficient





ft longitude of ascending node
co argument of periapsis
v true anomaly at epoch
vin
INTRODUCTION
The following document describes the background and implementation of the theory used to create
the Thermal Analyst's Help Desk.
The Thermal Analyst's Help Desk (also referred to as Help Desk) was created as a prototype to
determine if expert systems can be used in the design and analysis of spacecraft. Its function is
to provide first order approximations to thermal design parameters subjected to a radiation
environment.
Its features include:
• sizing a radiator with a known surface temperature
• finding the temperature of a surface with a known area
• finding the sink temperature of a surface with only environmental effects
• determining the temperature and heat loads of an enclosure that is affected by environmental
radiation
• determining the temperature and heat loads on an enclosure as it proceeds around an orbit
• assistance in determining the required emissivity and absorptivity for a surface.
The Thermal Analyst's Help Desk runs within an expert system shell called EXSYS® from EXSYS,
Inc. in Albuquerque, New Mexico.
This document is divided into two parts:
1) Technical guide: describes the equations and theory that pertain to Help Desk





An expert system uses artificial intelligence (AI) techniques that allows the computer to perform
as an expert in a specific and well defined field.
An Expert system has three basic parts,
1) a collection of knowledge on a given topic (knowledge base)
2) a set of rules pertaining to the knowledge (rule base)
3) a method to apply the rules (inference engine).
The knowledge and the rules can pertain to any topic that requires an expert to determine a
result. The Thermal Analyst's Help Desk is an expert system that is used to help determine the
thermal characteristics of a spacecraft.
In this text the expert is the source of the expertise which is included in the knowledge and rule
bases. The knowledge engineer is the developer of the expert system, in this case the Thermal
Analyst's Help Desk. The user refers to the individual running an analysis.
A knowledge base contains a series of symbolic parameters, called qualifiers, and possible valid
responses, called values. The knowledge base also contains the definitions of variables which
include variable name, type, numeric bounds and initialization values. The Help Desk knowledge
base contains information about spacecraft and thermal analysis. Qualifiers and their values are
created by the knowledge engineer using information known about the system. For example, a
sample knowledge base is shown in Box 1. It shows the qualifiers and their values for the Surface
Properties Analysis in Help Desk. Qualifier 1, "Value to calculate is" has six values listed.
Qualifiers 9, 10 and 13 each have two values. These qualifiers do not assume an application or
an order, they are simply a collection of knowledge.
/* Qualifier 1 /* Qualifier 10
Q> Value to calculate is Q> the known surface information is
V> radiator area (given temperature) V> surface use
V> surface temperature V> surface material
V> enclosure temperatures and heat loads
V> orbital average temperatures and heat loads /* Qualifier 13
V> surface properties Q> Surface properties are
V> none of the above
V> calculated
/* Qualifier 9 V> unknown
Q> the performance time is
V> 80L (beginning of life)
V> EOL (end of life)
Box 1 Sample Knowledge Base
A rule base is a set of IF-THEN rules assigning values to qualifiers and numbers to variables.
The IF-THEN rules in any expert system are comparable 'to IF-THEN statements in most higher
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level computer languages. An example comparison is shown in Box 2 using the qualifiers and
values from Box 1. A sample rule base, also from the Surface Properties analysis in Help Desk
is shown in Box 3. The premise clauses (IF statements) for the four rules are similar. They
represent all possible combinations of the two qualifiers. If one premise clause is false, the rule
is marked False and is never executed. When all the premise clauses in a rule are true, the rule
is marked True and is a candidate for execution by the expert system. Since any rule can be true
at anytime, the rule base defines a state-it does not imply an order. The rules are ordered to
increase efficiency, but not to define a sequence for evaluation.
EXPERT SYSTEM FORTRAN
RULE NUMBER: 39 (FRAME EPS BOL)
IF: . IF
Value to calculate is surface properties ((01 .EO. VI) .AND.
and the performance time is BOL (beginning of life) (09 .EO. VI) .AND.
and the known surface information is surface use (010.EO.V1))
THEN: THEN
[EPSILON] IS GIVEN THE VALUE....
and [ALPHA] IS GIVEN THE VALUE ....




and Surface properties are calculated 013 =
ENDIF
Box 2 FORTRAN Equivalent Statements
The inference engine determines which rules are used, and the order in which they are applied.
The inference engine defines the order by "firing" the rules. A rule is "fired" when the THEN
clause is performed. The selection of applicable rules can be accomplished by multiple means.
This expert system uses the method of chaining, which is explained in detail in the next section.
In the example, this process reduced the examination of all possible rules to the examination of
just four rules shown . When the inference engine examines a premise clause it asks the following:
Is the value defined?
yes: Is the premise true or false
no: can the value be derived from an additional rule?
yes: derive the value
no: prompt the user for the answer.
Figure 1 shows a flow diagram of the procedure described.
This method is applied to the example shown in Box 3. The inference engine would start with
Rule 39 because, when there is no implied order in the chaining process, the inference engine
evaluates the rules sequentially. For qualifier numbers and values, see Box 1.
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RULE NUMBER: 39 (FRAME EPS BOL)
IF:
Value to calculate is surface properties
and the performance time is BOL (beginning of life)
and the known surface information is surface use
RULE NUMBER: 41
IF:
Value to calculate is surface properties
and the performance time is EOL (end of life)






[EPSILON] IS GIVEN THE VALUE....
[ALPHA] IS GIVEN THE VALUE ....
[MATERIAL] IS GIVEN THE VALUE ..
Surface properties are calculated
RULE NUMBER: 40 (FRAME EPS EOL)
IF:
Value to calculate is surface properties
and the performance time is EOL (end of life)





[EPSILON] IS GIVEN THE VALUE ....
[ALPHA] IS GIVEN THE VALUE ....
[APPLICATION] IS GIVEN THE VALUE





[EPSILON] IS GIVEN THE VALUE ....
[ALPHA] IS GIVEN THE VALUE ....
[MATERIAL] IS GIVEN THE VALUE ....
Surface properties are calculated
RULE NUMBER: 42
IF:
Value to calculate is surface properties
and the performance time is BOL (beginning of life)






[EPSILON] IS GIVEN THE VALUE....
[ALPHA] IS GIVEN THE VALUE....
[APPLICATION] IS GIVEN THE VALUE....
Surface properties are calculated
Box 3 Sample Rule Base
EXAMPLE:
Qualifier 1: 'Value to calculate is"
Is the value defined?
no: can its value be derived?
no: prompt the user with a screen for the information.
When running Help Desk, the user is prompted at this point with the Main Menu, the menu
with the analysis choices. If the user selects "surface properties", the inference engine
assigns "surface properties" to qualifier 1 (or V5 to 01) and proceeds to the next premise
clause.
NOTE: In Help Desk, once a qualifier has been assigned a value, it cannot be changed.
Qualifier 9: "the performance time is"
Is the value defined?
no: can its value be derived?
no: prompt the user with a screen for the information.
The user is prompted for a choice of performance times: Beginning of Life or End of Life.
If the user selects Beginning of Life, the inference engine assigns VI to 09 and proceeds to
the next premise clause. (If the user selects End of Life, the inference engine assigns V2
to 09, marks the rule as False and proceeds to the next rule.)
Technical Guide
Qualifier or Variable
Is the value defined?
Is the premise true or false?
Proceea to next
premise clause




Can the value be derived
from on additional rule?
derive the value prompt the user
Figure 1 Inference Engine Decision Diagram
Qualifier 10: "the known surface information is"
Is the value defined?
no: can its value be derived?
no: prompt the user with a screen for the information.
At this point, the user is prompted for the known surface information. If the user selects
surface use, the inference engine assigns VI to 010 and marks the rule as True. (If the user
selects surface material, the inference engine assigns V2 to 010, marks the rule as false and
proceeds to the next rule.)
When a premise is completely satisfied the inference engine "fires" the conclusion. In this case it
defines the value for EPSILON (emissivity), ALPHA (absorptivity), determines the unknown surface
information, and defines 013 to have the value "calculated".
This sample analysis can be seen by running the "surface properties" option from the main menu
of Help Desk.
1.1 Chaining
The Help Desk inference engine uses a deductive procedure called chaining. Chaining is generally




Forward chaining starts with a premise to prove a conclusion. The user is asked questions until
all the applicable information has been derived from the expert system. The inference engine
flows through all the rules sequentially firing all true rules. In this manner it determines a set
of all possible conclusions.
Backward chaining starts with an assumed conclusion and shows that the premise is true or false,
proving or disproving the assumption. In this form the user specifies a conclusion. The inference
engine then tries to prove the premise of the rule containing the conclusion. It does this by finding
other rules in the rule base with conclusions that will verify the premise under inspection. The
inference engine then tries to prove the premise of the new rule. The rules are thus chained
together until the initial premise is proven or disproved. This method is similar to the AI method
of recursion. Box 4 contains a set of rules taken from Help Desk that are chained together in this
manner.
The rules displayed are used in the environmental temperature calculations in Help Desk. The
rules shown are only those that will be fired by the expert system when running the analysis.
There are more rules available that will calculate the qualifier value for "Thermal analysis is" and
a value for the variable [EPSILON]. To simplify the example, only the rules that will be fired are
shown.
A RULE NUMBER: 1
IF:
Thermal analysis is jcompletedj
THEN:
X> REPORT(RADIATLOUT)
and: > Thermal analysis is complete -
Confidence= 1
A RULE NUMBER: 5
IF:
Value to calculate is {surface temperature}
and: Surface temperature to be calculated is
{environmental temperature}
and: [TEMP] > 0
THEN:
[REPORT] IS GIVEN THE VALUE [REPORT3]
and: Thermal analysis is {completed}
A RULE NUMBER: 10
IF:
Value to calculate is {surface temperature}
and: [EB] > 0
and: [SIGMA] > 0.0
THEN:
[TEMP] IS GIVEN THE VALUE ...
A RULE NUMBER: 12
IF:




[EB] IS GIVEN THE VALUE...
A RULE NUMBER: 22
IF:
Value to calculate is {radiator area (given
temperature)}
or: Value to calculate is {surface temperature}
THEN:
[SIGMA] IS GIVEN THE VALUE...
Box 4 Example of Backward Chaining
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In this example the user wants to prove that the "Thermal analysis is complete" (conclusion of rule
1). The inference engine tries to prove this conclusion using backward chaining as defined above.
It starts with Rule 1, which contains the conclusion in question.





















Figure 2 Decision Tree
Rule 1:
Qualifier: "Thermal analysis is"
Is the value defined?
no: can the value be derived from an additional rule?
yes: derive using Rule 5.
Rule 5:
Qualifier: "Value to calculate is"
Is the value defined?
no: can the value be derived from on additional rule?
no: prompt the user.
Help Desk prompts the user with the Main Menu, which contains a list of the analyses. If the user
selects "surface temperature", the inference engine assigns the value "surface temperature" to
Q1 and proceeds to the next premise clause.
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Qualifier: "Surface temperate to be calculated is"
Is the value defined?
no: can the value be derived from an additional rule?
no: prompt the user.
Help Desk prompts the user with a screen containing two choices:
1) Surface temperature (given area)
2) Environmental temperature
If the user selects "Environmental temperature" the value is assigned to the qualifier and the
inference engine proceeds with the next premise clause. (If the user selects "Surface temperature
(given area)" the value is assigned to the qualifier, the rule is marked False, and the inference
engine proceeds to the next rule that can satisfy the previous premise.)
Variable: [TEMP] (the temperature of the surface)
Is the value defined?
no: can the value be derived from an additional rule?
yes: derive using Rule 10.
Rule 10:
Qualifier: "value to calculate"
Is the value defined?
yes: Is the premise clause true or false?
true: continue with next premise clause
Variable: [EB] (blackbody radiation)
Is the value defined?
no: can it be derived from an additional rule?
yes: derive using Rule 12
Rule 12:
Qualifier "Surface temperature to be calculated is"
Is the value defined?
yes: Is the premise clause true or false?
true: continue with next premise clause
Variable: [EPSILON] (surface emissivity)
Is the value defined?
no: can it be derived from on additional rule?
no: prompt the user
• ' — This user is-promptedwith-a screen that contains a location to input a value-for-
[EPSILON]. The screen also contains positions for the value of other analysis constants.
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If the value for [EPSHON] is greater than zero, the rule is marked as True. The THEN clause
is fired, defining the value for [EB].
Note: [EPSILON] < 0 has no physical meaning. .Help Desk will continue to prompt for
this variable until it is properly satisfied. This is due to the variable definition, not
the inference engine.
(ftu/e W continue^
Once the inference engine is finished with a rule, it returns to the colling rule. Since Rule 10
colled Rule 12, control now returns to Rule 10.
Variable: [SIGMA] (Stefan Boltzmann constant)
Is the value defined?
no: can it be derived from an additional rule?
yes: derive using Rule 22
Rule 22:
Qualifier: "value to calculate is"
Is the value defined?
yes: Is the premise douse true or false?
true: mark the rule as True and fire the THEN clause.
Rule 22 contains on "or" clause. The first clause is false, but the second "or" clause
is true, making the entire premise true. The THEN clause assigns the value to [SIGMA].
Currently EXSYS* does not handle scientific notation. Therefore, a variable cannot be
initialized to such a small value, and consequently the value must be assigned through
the use of a rule.
(ffv/e W continued)
All the premise douses for Rule 10 are defined and True. The inference engine marks the rule
as True and fires the THEN douse, which defines the value for [TEMP].
(Rule 5 continued}
All the premise douses for Rule 5 ore defined. If the variable [TEMP] > 0, then the entire premise is
True. The inference engine marks the rule as True and fires the THEN clause. The THEN clause defines
the variable [REPORT] (which displays a screen containing the report information) and assigns the
value "completed" to the Qualifier "Thermal analysis is".
fffu/e / continued}
The premise for Rule 1 is derived and True. The inference engine marks Rule 1 as true and fires the THEN
douse. The THEN clause executes the report generator found in the file RAOIATE.OUT, and defines "Thermal
Analysis" as "complete", proving the conclusion.
This brief description of Help Desk and the inference engine should be sufficient for a cursory
examination for the knowledge and rule bases of Help Desk. For more information on expert
systems and chaining, refer to the text in References 3,4 and 5.
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2 MATHEMATICAL APPROACH
The following section covers the derivations of the equations used in Help Desk.






Figure 3 Heat Balance on a Surface
The net heat flux through the surface, Qj, equals the sum of the environmental effects on the
surface minus the heat radiated from the surface, QRAD. The environmental effects include the
radiation on the surface due to the sun, QSUN; the planet, QPLANET! an^ the albedo of the planet,
QALBEDO-
Equation 1
The surface of a radiator must be able to remove all of the environmental heat loads plus any heat
load generated by internal equipment, QINTERNAL- An example of an internal heat load is the energy
that must be removed to cool an instrument to a defined temperature. The addition of this term
makes the above equation:
BAD Equation 2
For a single surface, Qj is zero when the surface is in equilibrium.
2.2 Surface Heat Loads
Qsunis the heat load on the surface due to the radiation of the sun as defined in Equation 3. It
is assumed that the solar rays are essentially parallel in the vicinity of a planet, and consequently
solar flux is constant throughout an orbit (except for planetary shadowing effects). However,
variations in flux that are due to yearly variations in the distance from the sun are accounted for
with the user defined solar flux value. Help Desk also calculates changes associated with the
surface properties.
Equation 3
a, solar absorptivity Fraction of the total solar energy (in the 0.2 to 2.8 pm range) that is
incident on a surface and is absorbed by that surface.
S Solar flux, W/m2 The radiative flux due to the sun. Varies as the inverse square of the




Fraction of the surface field of view that sees the sun due to variations
in the angle of incidence of the surface. See Section 5.2, Figure 7 for
more information.
Area of the surface under investigation.
Qpianet *s ^e heat load on the surface due to the thermal radiation from the planet as defined in
Equation 4. The surface of a planet absorbs energy from the sun and emits it as thermal radiation
in accordance with the Stefan-Boltzmann law. It is assumed that thermal radiation is emitted
from a planet at a constant rate. However, it does vary with the surface infrared absorptivity, the
area of the surface, and the view factor from the surface to the planet.
'•at Equation 4
E Earth flux, W/m2 Radiative flux of the planet. A portion of the solar radiation incident
on the planet is reemitted as thermal radiation.
Fraction of the surface that sees the radiation from the planet. For
example, in Low Earth Orbit, fully facing the planet, FE - .88, due to
the surface seeing space off to the sides of the field of view. See
Section 5.3 Figure 11 for more information.
Fraction of the total energy in the infrared wavelength band (5 to 50
um) incident on a surface, that is absorbed by that surface. Assuming
a gray body, this is equal to the emissivity of the surface.
Area of the surface under investigation.
, is the heat load incident on the surface due to the solar energy that is reflected off the
surface of a planet as defined in Equation 5. The reflection is due to the planet's surface and the
atmospheric conditions. It is assumed that the albedo is constant over the planet's surface. It is
a function of the surface infrared absorptivity, the area of the surface, the view factor from the
surface to the planet, and the view factor to the sun.
FEi planet view factor:
aIR Infrared absorptivity
surface area, m2
ALB <t Equation 5
ALB albedo coefficient
E Earth flux, W/m2
S Solar flux, W/m2
(1-Uj) view factor
FEi planet view factor
Fraction of the total solar radiation that is reflected off the planet's
surface. Depends on the atmospheric conditions of the planet. For
Earth it ranges from .1 to .8 with and average of .3.
Radiative flux of the planet. A portion of the solar radiation incident
on the planet is re-emitted as thermal radiation.
The radiative flux due to the sun. Varies as the inverse square of the
distance from the sun, which changes throughout the year.
Approximation for the reflected view factor.
Fraction of the surface that sees the radiation from the planet. For
example, in Low Earth Orbit and when fully facing the planet, FE - .88.
This is due to the fact that the surface sees space near the edges of its
field of view. See Section 5.3, Figure 11 for more information.
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am Infrared absorptivity Fraction of the total solar energy in the infrared wavelength band (5
to 50 pm) incident on a surface that is absorbed by that surface.
Assuming a gray body, this is equal to the emissivity of the surface.
AJ surface area, m2 Area of the surface under investigation.
Qintemai *s thfi internal heat load that must be removed from the system. Examples of the internal
heat load are:
• The electrical power of the internal systems that must be removed from the system
• The heat load on an instrument due to an enclosure. This can be calculated using the
Enclosure analysis discussed later in this document.
Qrad is the heat radiated from the surface as defined in Equation 6. It depends on the blackbody
radiation of the surface, the surface properties, and the surface area.
Equation 6
Ebi blackbody radiation Emitted power in W/m2 for a body that absorbs all incident radiation.
Tj temperature Temperature of the surface in K.
o Stefan-Boltzmann = 6.78E-8
constant
e emissivity The ability of a surface to radiate energy compared with a blackbody.
For example, the emissivity of a blackbody is 1. Assuming a gray body
this is equal to the infrared absorptivity of the surface.
AJ surface area, m2 Area of the surface under investigation.
2.3 Help Desk Surface Analyses
In this subsection a single surface is considered, and the i subscript is omitted
2.3.1 Surface Area
The surface is in equilibrium. Therefore, the net heat load through the surface is equal to
zero, Q = 0.
Solve Equation 2 for the surface area, A:
0= ASuOg + AFEEaIR+AFE(l-p)S ALB otg+Q INTERNAL - AeEb
Equation 7
-n) S ALB tts e Ej
Equation 7 is the basis for the "Surface Area (Given Temperature)" option of the Thermal
Analyst's Help Desk.
2.3.2 Surface Temperature
The surface is in equilibrium. Therefore, the net heat load through the surface is equal to
zero, Q = 0.
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Solve Equation 2 for the surface temperature, T (or the blackbody radiation, Eb since Eb = <rT4):
0= ASpOg + AFEEam+AFE(l-p)S ALBOs+QINTERNAL,- AeEb
ALB Equation 8
Equation 8 is the basis for the "Surface Temperature (given Area)" option of the Thermal
Analyst's Help Desk.
2.3.3 Environmental Temperature
When there are only environmental effects on the surface due to the sun, planet and albedo,
the surface is in equilibrium. The total heat load through the surface is equal to zero, Q = 0.
Solve Equation 2 for the surface temperature, T (or the blackbody radiation, Eb since Eb = oT4):
0 = ASuots + ALB 03 - AeEb
ALB Equation 9
Equation 9 is the basis for the "Surface Temperature (given Area)" option of the Thermal
Analyst's Help Desk.
2.4 Enclosure Heat Loads
2.4.1 Heat Balance for Each Surface of an Enclosure
Figure 4 Enclosure Geometry and Surface Numbers
Expand Equation 2 for each surface of a six sided rectangular box shown in Figure 4.









Qs = A3S]i3aS3+ AgF3EEa!S3 + A3F3Ed-u3)S ALB a
Q4 = A4Su4ots<+ A4F4EEaIR4 + A4F4E(l-p4)S ALB a
Qs = AsSusOs.;* AsFsEEauu + AsF^d-pg^ ALB a



































Q = X+XRAD Eb Equation 11
Where :
X contains the environmental effects.
XRAD contains the area times the emissivity
2.4.2 Enclosure Heat Balance
In Section 2.4.1 the heat balance is performed on the external surfaces of the enclosure. In
this section the heat balance is performed on the internal surfaces of an enclosure. It is
assumed that the temperature is constant across an enclosure wall.
An enclosure heat balance is the net heat load on an internal surface of an enclosure due to
the other surfaces of the same enclosure, and to itself if it is concave. A heat balance on single
surface i yields Equation 13. For the enclosure there are six such equations having values for
i equal to one through six. The heat balance includes energy arriving on surface Aj from all
surfaces of the enclosure, including Aj if it is a concave surface.
NOTE: The following equations include the capability for a concave surface. However,
Help Desk currently contains only a rectangular box enclosure. Therefore, there
are no concave surfaces.
Equation 12







Expand for each of the six surfaces:
Qi = A1[(Ebl-Ebl)F11 + (Ebl-Eb2)F12 + (Ebl-Eb3)F13 + (Ebl-Eb4)F14 + (E^-E^F^ + (E,
Q2 = A2[(Eb2-Ebl)F21 + (Eb2-Eb2)F22 + (E^-E^F.^ +• (Eb2-Eb4)F24 + (Eb2-Eb5)F25 + (E,
/~\ A fYT? T M? < ^T? 1? M? _i_ /T? TI* \T? _i_ fT? T? ^TI* _i_ fH* T M3* _i_ fVV^g = AgHHf^jg-ij^j^r 3j + VI-'b3~£'t)2' "32 "*" ^"b3" b3' 33 ^"bS" b4' 34 *^b3" b5' 35 ^ I
Q4 = A4[(Eb4-Ebl)F41 + (Eb4-Eb2)F42 + (Eb4-Eb3)F43 + (E^-E^JF,, + (E^-E^JF^ + (E,
Qs = A5t(Eb5-Ebl)F51 + (Ebs-Eb2)Fs2 + (Ehj-Ej^JF^ + (Eb5-Eb4)F54 + (E^-E^F^ + (Eb5-Eb6)Fs6]
i \T? i /U1 f ^t* i fTP f ^T i /TI1 T? \T? i /T? r \f i /f
'bl^rSl + l&bfi'^'M'* 62 + ^bB'^bS'* 63 + ^£'b6'n'b4''r 64 + ^bB'^bS^ 65 + ^l
where
Ebj is the blackbody radiation intensity for the surface
Fjj is the view factor from surface j to surface i
Remove the zero terms (Fu coefficients) and collect coefficients for the Ebi terms:
Qi = A1[Ebl(F12+F13+F14+ F15+F16) -Eb2F12 -Eb3F13 •Eb4F14 -E^F^ -E^F
Q2 = A2[-EblF21 +Eb2(F21-t-F23+F24+ F25+F26) -E^Fjs -Eb4F24 -Eb5F25 "E^F.
Qa = A3[-EblF31 -Eb2F32 +Eb3(F31+F32+F34+ F3S+F36) -Eb4F34 -Eb5F3s -EheFgg]
Q» = A4[-EblF41 -Eb2F42 -E^F^ +Eb4(F41+F42+F43+ F^-i-F^) -E^F^ -E^F^]
Qs = As[-EbiF51 -Eb2F52 -EhsFgg -EMF54 +Eb5(F51+F52+F53+ F54+F56) -E






















































































The sum of all view factors on one side of the surface equals 1.
TF,_, = 1 Equation 16
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Substitute into Equation 15
Simplify
W, 0 0 0 0 0
0 A2 0 0 0 0
0 0 A3 0 0 0
0 0 0 A4 0 0
0 0 0 0 A5 0
0 0 0 0 0 A,










Solve Equation 11 and Equation 18 for heat load, Q, and blackbody radiation, Eb. The most
direct solution is to set Equation 11 and Equation 18 equal and solve for Eb (Equation 19).
X = [-XRAD+ A ~F\ Eb Equation 19
This is in the form Ax = b. Solve for Eb using Ax = b, and then solve for Q using Equation 18.
This derivation is valid, but limiting in the analysis. Since Q is not explicitly stated in the
equation, a single side cannot be constrained to have zero net heat flux (Qt = 0) across it. This
feature is necessary to decouple one side from the rest of the enclosure.
Help Desk allows one or more sides of an enclosure to be decoupled from the environmental
effects. A decoupled side is one with no net heat flux across it. An example is the side of an
enclosure (or spacecraft bus) that has the thermal radiator attached to it. There is no net heat
flux from the enclosure through the side with the radiator. The side is effectively decoupled
from the enclosure and is subject to its own environmental fluxes and effects. Physically this
is accomplished with insulation between the radiator and enclosure surface.
A different formulation results when Equation 11 is solved for Eb, placed into Equation 18 and
solved for Q.
V XRAD-1 \Q-X\ Equation 20
\A F XRAD'1 - [1]] Q = A F XRAD'1 X Equation 21
This is also in the form Ax = b. This form has Q explicitly stated allowing one term to be
constrained to zero.
A area matrix (known)
~F enclosure view-factor matrix (known)
XRAD matrix containing the heat radiated from each surface
X total environmental heat load on each surface
Q net heat load through a surface
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To constrain one or more surfaces to have 0 net heat flux across them, set the XRAD term
equal to 9.9E+9. When the inverse is taken the coefficient of Q will be zero. This also makes
the right hand side of the equation for Q equal to zero.
Equation 21 is the basis for both the Enclosure Temperature and Heat Loads analysis and for
the Orbital Temperatures and Heat Loads analysis.
This concludes the fundamental mathematical approach to the analyses in the Thermal
Analyst's help Desk. The following sections discuss the procedures and equations used to
derive the terms found in the main equations described above.
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SURFACE PROPERTIES
Solar absorptivity and infrared emissivity are two physical parameters that describe the
surface properties. Solar absorptivity describes the amount of ultraviolet radiation that is
absorbed into the surface. Infrared emissivitv is the amount of infrared radiation that is
emitted from a surface. Assuming a gray body, the infrared absorptivity is equal to the
infrared emissivity.
These parameters depend on the surface material. For example, white paint has an
absorptivity of 0.2 and an emissivity of 0.9, while black paint has an absorptivity of 0.9 and
an emissivity of 0.9. The surface properties also depend on the time in the life of the material
that is used in the analysis. In the space environment surface degradation occurs and is a
major factor in the determination of the surface capabilities. Performance parameters are
generally specified for both beginning of life (BOL) and end of life (EOL). When choosing a
surface a value is selected from manufacturers specifications, and entered in the appropriate
box in Help Desk.
Help Desk allows the user another option. A table containing the surface properties of several
surface materials is contained in an AI tool called a "Frame". By definition a frame contains
an "object" plus "slots" for related information. In this manner it is very similar to a small
database, and it allows reference to a "parent" or "child" frame. A parent or child frame
contains information about the object: parent information is more general and child
information is more specific. This referencing is called inheritance.
When the frame is referenced it compares a user defined text value describing the surface
application, or the surface material, to either the Surface field or to the Typical_application
field. Once a match has been found the value for solar absorptance and emittance are
returned to Help Desk.
NOTE: The frame call returns the first occurrence of a correct match. If a different value is
preferred, the user may enter it directly during an analysis.
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BOL, Beginning of L''e; EOL, End of Life, 7 years
surface data taken fro- reference i Page 275
TABLE 1: Surface Properties Frame
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3.1 Updating Help Desk surface properties option
The following procedure may be used to add more information to the frame:
•use an ASCII editor to open the file "SURFACE.TXT" in the directory containing Help Desk
files.




Choose the surface material:
LL block point
1 1 white pcnr»t
IL opttcoS solar reflector
[]~ graphrte/epCBjy













Choose the surface application:
|| tn tenor stfUCtyce
II em1«nno fefteetof
|l riortft panel r'cicfcoVo'r
|| $oytrt pone* radiator
|| solcr panel
1 1 criteria structure
|| thermal msuloUon
| f apogee motor thermal sra«tct
|| pfopefiant tnsutation
|f surface (nsukitfo-n
Figure 5 Surface Material and Application screens
To update the user interface for the Surface Properties option, two screens must also be
modified. The first screen contains the list of surface materials, and the second screen
contains the list of surface applications (Figure 5). One more box must be added to each
screen for each new material and surface application pair in the frame. For more information




The user is not constrained to perform a thermal analysis about the Earth. Currently the
equations are valid for any elliptical or parabolic conic section for a "two body problem". A two
body problem has two assumption:
1) Each body is spherically symmetric. The mass can be considered as a single point
mass at the geometric center of the body.
2) There are no external or internal forces acting on the system other than those defined
by the two masses.
The environment of the system is dependent on orbit specific parameters.
• orbital position
• spacecraft orientation
• planet heat flux
• solar flux
The user specifies the values for the spacecraft orbit in terms of the six classical orbital
elements:
inclination: angle between the momentum vector and the global Z axis.
nodal crossing (longitude of ascending node) the angle between the vernal
equinox direction and the line of nodes, in the equatorial plane.
argument of the angle between the line of nodes and the direction of periapsis,
periapsis: in the orbit plane.
true anomaly at the angle between the direction of periapsis and the position of the
epoch: spacecraft at a specific time.
semi-major axis: defines the size of the conic section.
eccentricity: defines the shape of the conic section (0 for a circle; >0 and <1 for
an ellipse; 1 for a parabola; >1 for a hyperbola).
Four parameters associated with the orbit are also used in this analysis:
Planet Flux Heat load per unit area incident on the surface due to the planet's
thermal radiation.
Solar Flux: Heat load per unit area incident on the surface due to the sun's
radiation.
Albedo coefficient Percentage of the total solar radiation incident on the planet, that
is reflected back to space.
Planet Radius: Radius of the planet under investigation.
For a given a planet the user may select values for the above variables and enter them into




The frame for the planet information is displayed below. The values in the frame are mean
























































TABLE 2: Different Planet Frame
The following procedure may be followed to add more information to the frame:
• use an ASCII editor to open the file "PLANET.TXT", which is in the directory
containing the Help Desk files.
• Enter another line containing the information for an additional astronomical body (e.g.
the sun) in any location and duplicate the displayed format.
• save and exit
To update the "different planet" option, the screen containing the list of planets must also be
modified (Figure 5). One more box must be added to each screen to account for the new
astronomical body. For more information on updating screen files see Section 2.
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Figure 6 Planet Choice screen
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VIEW FACTORS
Three sets of view factors are calculated:
1) enclosure view factors dependant on enclosure geometry
2) solar view factors dependant on the spacecraft orbit and orientation
3) planet view factors dependant on the spacecraft orbit and orientation
5.1 Enclosure View Factors
Enclosure view factors are the fraction of the total field of view of one side of an enclosure that
sees each of the other sides of the same enclosure. If the surface under examination is
concave, it includes the fraction in which it sees itself.
NOTE: Help Desk currently contains only a rectangular box enclosure, therefore there are no
concave surfaces.
The enclosure view factors for Help Desk, Fji( are calculated using an equation from reference
6 Appendix C page 825. Equation 22 is a corrected version of the published equation. The last
two terms in Equation 23 are not raised to any power.
Figure 7 Two finite rectangles of same length, having one common edge, and at an
angle of 90' to each other
w H
Equation 22
where: H = h/1 W =
HW=
(1+W*)[W*+H *)]. (1




Due to the geometry of an enclosure only a few view factors for each surface of an enclosure
must be solved this way, the remaining can be solved using the following two equations:
= 1
is the area of surface i
is the view factor from i to j
5.2 Solar View Factors
The solar view factor is the fraction of the total radiation emitted by the sun that is directly
incident on the surface, (e.g. 1: fully facing sun, 0: parallel to the sun's rays, 0: facing away
from the sun).
Sun Surface Sun Surface
View Factor = 1 View Factor = $os
Figure 8 Solar View Factor Geometry
The solar view factors (PJ) are found by taking the dot product of the sun vector in local
coordinates and the unit normal vector of each side. The dot product is:
Equation 24
Figure 9 Dot Product Geometry


















Figure 10 Enclosure Unit Normals Geometry
Uj = Oi + Oj - Ik
Uj = Oi - Ij + Ok
u3 = -li + Oj + Ok
u4 = Oi + Ij + Ok
us = li + Oj + Ok
us = Oi + Oj + Ik
where i, j and k are the direction vectors along the X, Y and Z directions respectively.
The sun vector in local coordinates is defined as:
S = X. i+ YJ + Z.k
where i j,k are the unit normals in the coordinate directions, X,Y,Z respectively.
The magnitude of S is:
MAGS = SQRT(X,2 + Y.2 + Z.2)
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They are constant in local coordinates since the coordinate axis stays fixed with respect to the
enclosure.
5.3 Planet View Factors
Planet view factors are the fraction of the total thermal radiation emitted by the planet that
is directly incident on the surface, (e.g. for Low Earth Orbit: -.88 for fully facing planet, .287
for perpendicular to the planet's surface, 0 for facing away from the planet). It is not one,
because the field of view out each side, sees space. See Figure 11.
Planet Surface Planet Surface
View Factor = .88 View Factor < .88
Figure 11 Planet View Factor Geometry
Planet view factors have normal and tangential components. These terms are calculated using
an equation from reference 12 Appendix C page 829.
The geometry for the normal component is shown in Figure 12. Equation 26 shows the normal
component for the planet view factors.
\2
Figure 12 Plane element dAl to sphere of radius r; normal to center of element passes
through center of sphere
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Equation 26
The geometry for the tangential component is shown in Figure 13. Equation 28 shows the
tangential component for the planet view factors.









The orientation of the spacecraft, is defined relative to the sun and the planet about which it
is orbiting. Two orientations are accommodated in Help Desk (Figure 14):
• solar inertia! orientation
• planet orientation
In solar inertial orientation the same side is facing the sun at all times. In planet orientation
the same side is facing the planet at all times. The orientation is determined by the mission









Solar Inertial Orientation Planet Orientation
Figure 14 Orientation Geometry
6.1 Planet orientation:
Planet orientation has solar view factors that change as the spacecraft travels around the
planet. The global sun vector rotates with respect to the local spacecraft coordinates and to
the dot product of the sun vector and the unit normals performed at the orbit position.
The planet view factors are always normal or tangential to the planet's surface. To account
for the orbits eccentricity, the planet view factors are calculated at every user defined position
the orbit. They are constant only if the orbit is circular.in
6.2 Inertial orientation:
Solar inertial orientation has constant solar view factors. The global sun vector is rotated to
local spacecraft coordinates at the line of nodes (CD = 0, and u = 0 in the transformation from
local to global see Section 7). In this orbit position the dot product of the sun vector and the
unit normals is performed. This value is kept constant at every point in the orbit. The planet
view factors change as the spacecraft travels around its orbit. At each location, the normal
and tangential components are calculated. The planet view factors are then calculated by
rotating the surfaces through the spacecraft position as follows (see Figure 10 for side number
referencing):
FE(1) = FET
FE(2) = -FEN*SIN<u FET*ABS(COSco)
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SUNK NOT nUN
FE(3) = FET*ABS(SINm) - FEN*COSco
FEW) = FEN*SIN(o + FET*ABS(COSto)
FE(5) = FET*ABS(SINo) + FEN*COS<o
FE(6) = FET
FET tangential view factor component
FEN normal view factor component
to spacecraft position in the orbit. The sum of the argument at periapsis and the true
anomaly.
FE(i) view factor for the ith side
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COORDINATE TRANSFORMATIONS
7.1 Global to Local:
This coordinate transformation is never needed. When the sun vector is transformed into local
coordinates, the solution is found solving the equation Ax = b. See Section 5.2 on Solar view
factors given Global sun vector and Section 6.2 on inertia! orientation, for more information.
7.2 Local to Global:
When calculating shadowing effects and spacecraft position, the appropriate vectors must be
rotated from local to global coordinates. The transformation used is from Perifocal coordinates












the unit vectors in global coordinates




Rll = cosQ cosco - sinQ sinco cos i
R12 = - cosQ sinco - sinQ cosco cos i
R13 = sinfl sin i
R21 = sinQ cosco + cosQ sinco cos i
R22 = -sinQ sinco + cosQ cosco cos i
R23 = -cosQ sin i
R31 = sinco sin i
R32 = cosco sin i
R33 = cos i
7.3 Coordinate Transformations Modifications
To be consistent with the coordinate conventions in IDEASTM Thermal Model Generator
(TMGTM), there is a slight difference between the local to perifocal and global to geocentric
coordinates. The local and perifocal coordinate systems differ by a 180* rotation about W (see








perifocal coordinates P direction
local coordinates P direction.
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The global coordinates relate to the geocentric coordinate system in the same way.
Gj the geocentric coordinates in the I direction
gi the global coordinates in the I direction
Local Coordinates Perifocal Coordinates





Global Coordinates Geocentric-equatorial Coordinates
Figure 16 Global Coordinate Geometry
Substituting into the transformation relationship.
-r.
-r, = R -r Equation 31
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Rll = cosQ cosco - sinQ sinco cos i
R12 = -cosQ sinco - sinQ cosco cos i
- R13 = -sinQ sin i
R21 = sinQ cosco + cosQ sinco cos i
R22 = -sinQ sinco + cosQ cosco cos i
- R23 = cosQ sin i
- R31 = -sinco sin i
- R32 = -cosco sin i
R33 = cos i
Equation 32 states the transformation from the perifocal system coordinate system to the local
coordinate system. One more rotation is needed to transform the system into local spacecraft
coordinates. The rotation is about the true anomaly at epoch.









Shadow calculations are performed using the Orbital Temperature and Heat Loads option in
Help Desk. The procedure calculates the spacecraft position, and then determines if the
spacecraft falls in the shadow of the planet.
8.1 Position Vector
The position vector, r, points to the location of the spacecraft in the orbit. It is used to
determine the spacecraft position relative to the shadow.
Calculate the position vector in perifocal coordinates, r, and transform into Global coordinates,
R. r is defined in the perifocal coordinate system as:
R=r cosv P+r sinvQ Equation 34
P and Q are the directional unit normals in the perifocal coordinate system.
where the scalar r (the magnitude of the position vector in perifocal coordinates) can be
calculated with the polar equation of a conic section (Equation 34):
p is the semi-latus rectum
e is the eccentricity
v is the true anomaly at epoch
a is the semi major axis
Figure 17 Position Vector Geometry
r=- Equation 35
1+e cosv
The semi-latus rectum is found using the geometry of the conic section.
p = a (1-e2)
8.2 Shadow Calculations
The geometry for shadowing is shown in Figure 18. For a spacecraft to be in the shadow the
spacecraft position must satisfy two conditions.
1) It must be behind the vertical shadow plane defined by a plane that passes through
the center of the planet and is perpendicular to the suns rays.
2) It must be inside a cylindrical shadow defined by a cylinder having the same diameter
as the planet and parallel to the sun's rays. The cylindrical shadow extends away
from the sun starting at the vertical sun plane where D = 0.
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Figure 18 Shadowing Geometry
In Figure 18, Rl is the position of a spacecraft SI, defined by components Dl and D2. SI is
on the same side of the vertical plane as the sun placing it outside the shadow. The cylindrical
shadow plane effect does not need to be calculated since the cylindrical shadow does not exist
on the sun-side of the vertical shadow plane. R2 is the position of a spacecraft S2, as defined
with similar components Dl and D2. Dl is the distance from the position to the vertical
shadow plane and D2 is the distance from the position to the cylindrical plane.
Define in global coordinates:
R position vector
S solar vector
O origin vector (0,0,0 in our case)
RE radius of the planet
V = R-O
D2<RE A D1<Q SHADOWED
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PART II: PROGRAMMER'S GUIDE
1 RADIATE
An expert system running withing the EXSYS® shell has two main files "expert.system.RUL" and
"expert_system.TXT". In the case of the Thermal Analyst Help Desk they are "RADIATE.RUL"
and "RADIATE.TXT". Both files together define the knowledge base and rule base (see the
EXSYS® Manual for more details). Help Desk also contains the following supplementary files:
• RADIATE.SCR contains all the screen descriptions
• RADIATE.OUT contains the report generator information
• RADIATE.CFG contains the configuration data for the system such as the location of the
PASS and RETURN files.
• RADIATE.COM sets up the command environment
The rule base contains 47 Rules. All the rules are listed and explained in Appendix A.
The knowledge base contains 21 qualifiers and 143 variables. All qualifiers are listed in Appendix
B.
The screen file, RADIATE.SCR, contains 36 customized screens. All screens and file descriptions
are displayed in Appendix C.
The screens use default data files to set the default input values. There are 13 data files. Each
file is listed and described in Appendix D.
The report generator file, RADIATE.OUT, has 7 different reports listed. The file uses GOTO
statements to point to the file description for each report. The report generator file and a sample
file output for each analysis are listed in Appendix E.
There are 47 different FORTRAN routines used by Help Desk. They are contained in 20 ASCII
files, and produce 6 executable files. A list of the files, their routines with the calling arguments,
and the link commands necessary to produce the executable files are contained in Appendix F.




Most of the screens that appear during an analysis run in Help Desk are custom screens, created
with the EXDESIGN software and an ASCII editor. Only two screens are default EXSYS® screens,
the description screen, and the HOW? screens. The rest were specifically designed for Help Desk,
and may be modified for future applications.
The formats for the screens are in an ASCII file called "RADIATE.SCR". This file is located in the
same directory as the expert system and data files. The file contains all the screens, and is
organized by qualifier number or variable name. All screens are displayed in Appendix C.
The default values displayed on the screens are stored in ASCII data files that are defined for each
screen in the expert system. Any screen value may be changed by the user. Once a value is
changed on the screen, it remains at the modified value for the extent of the run. At the start of
the next run the values will again be the alues specified in the default data files. To modify the
default values for a set of analysis runs, the information in the data files must be changed.
There are two types of data files. The first, "filename.DAT" is used during an analysis run and
contains the data used by the expert system. The second, "filename.DT!" contains the original
default values. At the end of an analysis sesion, the values may be reset to the original default
values by copying the default file "filename.DT!" to the working file "filename.DAT".
The format for the input data files is one variable per line. Each line corresponds to a variable
defined in the screen file, in order of appearance. When EXSYS® displays a screen, it places the
information from the data file into the available input boxes. All of the applicable data files are
shown in Appendix D.
A screen is attached to a qualifier or a variable. When the expert system prompts the user for a
qualifier or variable, it searches the screen file for a screen attached to the qualifier or variable.
EXSYS® displays the screen defined immediately following the variable name. There are
approximately 30 different screens defined in the screen file for this expert system.
The following is a sample screen with the screen description listed and each command explained.












Figure 19 Sample Data screen
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-EDIT "[ALB]", 225, 45, 103, 35 -M:1
-EDIT "[S]", 225, 85, 103, 35 -M:1
-EDIT "[E]", 225, 125, 103, 35 -M:1
-EDIT "[RE]". 225, 165, 103. 35-MM
the screen is attached to Qualifier 17 (-017)
the window is located at 88,0 and has a size of 359 wide
and 225 toll.
The line color is dark gray
foreground color is dark gray
the background is cyan.
In order to make the entire screen background one color
instead of just the background of the text boxes, the -CLS
command must follow the BACKGROUND command.
The first cursor position is at 102, 28
the text "Planet Constants"
the cursor is placed at 10,60
the text "Albedo coefficient:"
the cursor is placed at 10,100
the text "Solar Flux: W/m-2"
the cursor is placed at 10,140
the text "Planet Flux: W/m-2"
the edit box is attached to the variable [ALB] (albedo). Its
is located at 225, 45. Its width is 103 and height 35. The
-MM option states that the box is only to allow 1 line of
entry.
the edit box is attached to the variable [S] (solar flux).
Its is located at 225, 48. Its width is 103 and height 35.
The -MM option states that the box is only to allow 1 line
of entry.
the edit box is attached to the variable [E] (planet flux).
Its is located at 225,125. Its width is 103 and height 35.
The -MM option states that the box is only to allow 1 line
of entry.
the edit box is attached to the variable [RE] (planet
radius). Its is located at 225. 165. Its width is 103 and
height 35. The -MM option states that the box is only to
allow 1 line of entry.
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^BUTTON "different olonet". "017 1", 23,205,158.35 -I
~8UTTON "OK", "017 2", 229, 205, 75, 35 -I
-EDITJILL ALBSCR.DAT
-END
the button box is labelled "different planet". If the button
is pressed Qualifier 17 (017) is assigned the value 1 (a
different planet is requested). The box is located at the
position 23,205, it is 158 wide and 35 high. The -I option
says to return the value immediately after the button is
pressed.
the button box has the word OK on it. It returns the
value 2 to 017. It is located at 229. 205, has a width of
75 and a height of 35 and returns immediately if pressed.
the ~EOIT_FILL command specifies the input data file to be
accessed to fill in the edit boxes.
defines the end of the screen
2.1 Default Data Files
The Planet Constants screen shown in Figure 19 is an example of a data screen using default data
values. This data screen is used to enter the variables for albedo coefficient, solar flux, planet flux





The value .3 is placed in the edit box for [ALB] (albedo), 1356 is for [S] (solar flux), 236 is for [E]
(planet flux), and 6378 for [RE], the planet radius.
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3 RUNNING EXTERNAL PROGRAMS
Throughout Help Desk, external programs are used to perform complex calculations. They are
used to minimize the complexity of the expert system and to increase the capability of Help Desk.
When executing Help Desk a user can determine when the expert system is running an external
FORTRAN code, because the screen goes blank momentarily. This blanking is due to the
Windows-DOS interface.
The executable Fortran files are called using external DOS batch files. The batch files used are:
FETANOR.BAT Calculates the normal and tangential components for the planet view factors
PLANET.BAT Calculates the planet view factors for each side of an enclosure
ORBIT.BAT Performs the orbital analysis
QENCL.BAT Performs the enclosure analysis
SOLAR.BAT Calculates the solar view factors
SUNVECT.BAT Rotates the global sun vector into local coordinates and calculates the solar
view factors
A typical DOS batch file, PLANET.BAT, is shown below.
TYPE NUL > EXSYS.EP.END
EARTHV.EXE
RENAME EXSYS.EP.END EXSYS.EP.FIN
The first line creates a null file called EXSYS.EP.END.
The second line runs the executable EARTHV.EXE.
The final line renames the file to EXSYS.EP.FIN.
This batch file procedure is required to run non-windows applications. EXSYS® realizes that the
analysis is finished when it encounters the file EXSYS.EP.FIN. As soon as this file exists in the
working directory, Help Desk continues it's analysis. If the file exists prior to completion of the
executable file, Help Desk will take control of the analysis. This may place Help Desk into an
infinite loop. The file, EXSYS_EP.FIN, is created in the method shown above to ensure that the
file exists only when the external analysis is complete. If the file is created during the executable,
it may be created too early.
The variables needed to execute the code are passed to a file called RADIATE.DAT. The file is
defined in the configuration file for the expert system. The path to the file must be defined as
the path to the directory containing the batch files and executable files.
An example of a rule call statement to the batch file PLANET.BAT is shown below.
IF:
The spacecraft orientation is {inertiall
and: The spacecraft orbit is (LEO (Low Earth Orbit)|
THEN:
X> RUN(PLANET.BAT [INC], [ECC],[WOMEGA] ,[SMA],[VO],[RE] /M /Z)
and: Planet view factors are (calculated)
This rule states that if the spacecraft has an inertial orientation, and it is in a low earth orbit,
then the system will run the file PLANET.BAT. Six variables are passed to the file
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"RADIATE.DAT". Two parameters are also specified, /M and /Z. /M states that multiple variables
will be returned in the file "RETURN.DAT" and /Z states that a Ctrl-Z will be added to the end
of the file "RADIATE.DAT". Notice that /B option, which -the EXSYS® manual suggests using, is
not used in this case.
NOTE: The /B option is not used for this type of batch file. The /B option indicates that a batch
file, containing only DOS commands, is to be run. In this example the batch file includes
a FORTRAN subroutine, if the /B option were used in this case, data would not be passed
to the RADIATE.DAT file.
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4 ADDING A NEW FEATURE
The following procedure was used during the development of Help Desk and is presented here to
illustrate the way in which new features can be added.
The only planet data included in the early versions were the default values for Earth. For other
planets the user was required to enter the necessary values for the planetary parameters. The
expert system has been modified to provide the values for the other planets and the Moon while
retaining the option of entering user selected values.
User provided values were entered into the two screens shown in Figure 20. One was used in
surface analyses and the other in enclosure analyses. No logic was present to direct the expert
system to ask for either a planet selection or the solar and planet flux values. The values were
entered only as additional information on screens, which were activated by logic that was






























Figure 20 Original Constants screen
To add the other planets it was necessary to split up the information on the screens and add a
button called "different planet". This button is similar to the "assistance" button in appearance
and function.
The new analysis contants screens called "Surface Constants" and "Planet Constants" are shown
in Figure 22. The two screens are now used in both the surface analyses and the enclosure
analyses. A new frame containing the values for all the planets was also created. The following
sequence describes the process used to modify the expert system.
The first step in adding a new feature is to determine the new qualifiers and variables required
for the modification. In this case it requires only one new qualifier, one new rule and a new frame.
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The new qualifier is:
Qualifier A different planet is
V requested
V not requested
and the new rule
Rule: If a different planet is requested
Then: [E] IS GIVEN THE VALUE ....
and [S] IS GIVEN THE VALUE...
and [ALB] IS GIVEN THE VALUE...
In this example it is also necessary to define a new frame called "PLANET.TXT", shown below.
The frame contains each of the planets, the average values of solar flux and planet flux, and the
radius of the planet. Different values may be entered directly at the Planet Constants screen. The
























































The variables used to retrieve the information from the frame must be defined. The format of a
frame statement is:
FRAME("filename",test_expression,slot_reference)






Using the frame statements, the entire new rule is:
Rule: If a different planet is requested
Then: [S] IS GIVEN THE VALUE
FRAME("PLANET.TXT",$PLANET$==[PLANET],#SOLAR_FLUX#)
and [E] IS GIVEN THE VALUE
FRAME("PLANET.TXT",$PLANET$==[PLANET],#PLANET_FLUX#)
and [ALB] IS GIVEN THE VALUE...
FRAME("PLANET.TXT",$PLANET$==[PLANET],#ALBEDO#)
The variable [PLANET] contains the planet name in a string format. To allow the user to choose
a planet name, a screen is attached to [PLANET]. When the inference engine processes the frame
statements above, it tries to derive the variable [PLANET]. If it cannot derive it, it prompts the
user with the screen that is attached to the variable name. The planet screen is shown in
Figure 21.
EXSYS Professronoi











Figure 21 Planet Selection Screen
The new screen definition is shown below. The format is created by the following procedure:
• Define the window size, line color, background and foreground colors.
• Place the curser at 41, 36 and enter the text "Choose the planet:"
• Place a series of nine buttons each with
NAME
VARIABLE and its returned value if the button is pressed
POSITION OF THE BOX:
X and Y (component of the upper left hand corner of the box), WIDTH, HEIGHT











-BUTTON "MERCURY", "[PLANET] 'MERCURY'", 25, 50, 192. 33 -I
-BUTTON 'VENUS", "[PLANET] 'VENUS'", 25, 90. 192. 33 -I
-BUTTON "EARTH", "[PLANET] 'EARTH'", 25, 130. 192. 33 -I
-BUTTON "MOON ", "[PLANET] 'MOON'", 25, 170. 192, 33 -I
-BUTTON "MARS ", "[PLANET] 'MARS'", 25, 210, 192, 33 -I
-BUTTON "JUPITER", "[PLANET] 'JUPITER'", 25, 250. 192, 33 -I
-BUTTON "SATURN", "[PLANET] 'SATURN'". 25. 290, 192, 33 -I
-BUTTON "URANUS", "[PLANET] 'URANUS'", 25. 330, 192, 33 -I
-BUTTON "NEPTUNE", "[PLANET] 'NEPTUNE'". 25. 370. 192, 33 -I
-BUTTON "PLUTO", "[PLANET] 'PLUTO'", 25, 410, 192, 33 -I
-END
The original screens were then modified to allow the use of the planet button. The original
analysis screens were split into two seperate screens with no repitition of user inputs. The first
contains all of the surface parameters: emissivity, absorptivity, solar and planet view factors. The
second contains all of the parameters related to the planet: albedo coefficient, solar and planet
fluxes, and planet radius. Each of the two screen contain a button that allows the user to access


















different planet | | OK
Figure 22 New Analysis Constants screens
Both of the screens are displayed by the inference engine prompting the user for values to
qualifiers. The "assistnace" and "different planet" buttons are attached to qualifiers. These button
values drive the logic flow to the screens.
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SURFACE CONSTANTS SCREEN



















MU]". 225. 50, 103, 35 -M:1
FE]", 225, 90, 103, 35-M:!
EPSILON]", 225, 130, 103, 35 -M:1





-BUTTON "OK", "016 2", 261, 228, 75, 35 -I

























~EDIT " ALB]", 225, 45, 105. 35 -M:1
-EDIT" S]". 225, 85, 103, 35 -M:1
~EDIT " E]", 225, 125, 103,55 -M:1
~EDIT " RE]", 225, 165, 103. 35 -M:1
~BUTTON "OK", "017 2", 24;. 217, 75, 35 -I
~BUTTON "different planet", "q17 1", 23, 216, 158, 35 -I
~EOITJILL ALBSCR.DAT
~END
Once the above modifications are complete, change the input data files to delete the variable
moved.
Finally, run the system through every option to make sure that there are no new conflicts.
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5 FUTURE DEVELOPMENT
The Thermal Analyst's Help desk can be expanded to incorporate a number of additional
features. Some of the features under consideration are listed here.
• include double sided radiator
• add the planet vector calculations
• add the beta angle calculations
• simplify the parametric trade-off capabilities
• add the planet shield calculations to the Orbital Thermal Analysis
• add the ability to modify the solar view factors for the Enclosure Analysis and allow solar
shields to the Orbital Thermal Analysis
• add shadow calculations to the Enclosure analysis
• incorporate the Thermal Electric Cooler expert system into Help Desk
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A2 Rules
/* RULE NUMBER: 1S1
£
analysis and write the report file. The rule keeps RULE: THERMAL COMPLETE
15cu•SCD-sI'cE
parate from other analyses that may be added, (e.g.
oolers). IF:
Thermal analysis is (completed)
rmal analysis is" (Q20) has the value "completed". THEN:
is derived using Rules 2-8. X> REPORT(RADIATE.OUT)
and: > Thermal analysis is complete - Confidences











































t generator file "RADIATE.OUT", see the report
f this document for further explanation.
a£o>Execute th
o_ogenerator s



















































































Define the area of a surface. When the inference engine is proving a
premise, it finds the first rule, in sequential order, that can define the
variable or qualifier under investigation. In the example, the inference
engine is trying to define the qualifier "Thermal analysis is", as show










The qualifier "Value to calculate is" (Ql) has the value "radiator area
(given temperature)". The user is prompted with the screen containing
the main menu. When the user selects an analysis, the value is
returned and assigned to Ql.
du
The variable [AREA], the area of the surface, must be within .1% of
the equation shown. The value for the variable [AREA] is derived
using Rule 9. The terms on the right hand side of the equation are
explicitly stated to require each term in the equation to be evaluated
regardless of the initialized values. See Rule 9 for more information
on the derivations. The characters ~= stand for "approximately equals",
which is defined to be ±.1% of the value.
The variables [QRAD] the heat load radiated from the surface, [QSUN]
the heat load on the surface due to the sun, [QALBEDO] the heat load
on the surface due to the planet's albedo, [QPLANET] the heat load on
the surface due to the planet, must sum to a value greater than zero.
Each of the variables are initialized to zero, thus the sum equals zero.
If a value cannot be derived, the expert system will use the initialized
value prior to prompting the user for the information. Since the values
for each variable is displayed on the final report page, the expert
system needs a value for them. If they are not initialized to zero, the
values would be derived, regardless of the user selection on the
radiation effects screen. Thus, the expert system is required to derive
all the terms from existing rules before accepting the initialized value.
inclusion:
























































































d is" (Q12) has the



















































































Define the environmental temperature of a surface
£a,
ice IF:
sis Value to calculate is (surface temperature)
and: Surface temperature to be calculated is (environmental temperature!
and: [TEMP] > 0
he
a THEN:
tal [REPORT] IS GIVEN THE VALUE [REPORTS]




























The qualifier "Value to calculate is" (Ql) has '
temperature", which is derived from the main men










The qualifier "Surface temperature to be calculate
value "environmental temperature". The user is
screen containing two choices, radiator temperature









The variable [TEMP], the temperature of the




Display the report page containing the final inforn
See Appendix C for the figure of [REPORTS].
co0





















































































































































































































































































































































































































































































































































































































































































































































































































































































































le blackbody radiation on the surface, mus
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e [AREA] is greater th
lue for the area, so it



















































































































e [EPSILON], the emi
is derived using Rules
values for [EPSILON],
assigned a value froi
never try to "fire" the













































































































































































































































































































































Calculate the blackbody radiation on the surface (see Rule 10).
g£
face temperature to be calculated is (environmental tempera'
PSILON]>0















































 _( SUN PiANer*XALBEDo)c
emise:
The qualifier "Surface temperature to be calculate is" (Q12) has the
value "environmental temperature". The user is prompted with a
screen containing two choices, radiator temperature and environmental
temperature. The value selected is assigned to Q12 (see Rule 4 and
Rule 5).
c£
The variable [EPSILON], the emissivity of the surface, is greater than
zero, which is derived using Rules 43-46. Even though Rules 38-41 can
also derive values for [EPSILON], the rules were marked False as soon
as Ql was assigned a value from the main menu, so the inference
engine will never try to "fire" them. The user will be allowed to enter





The variable fEB] is defined. [XSUN] the heat flux on the surface due
to the sun is calculated using Rule 19. [XPLANET] the heat flux on
the surface from the radiation of the planet is derived by Rule 20.
[XALBEDO] the heat flux on the surface from the albedo of the planet



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Value to calculate is
iture)" or "surface te
i containing the mai
























































































































































































































































































































































































































































































































































































































































































































































Calculate the orbital temperature and heat loads on an enclosure.






*inertial oriented spacecraft. Otherwise they are identical.





































EdDCHand not here. The solar and planet view factors are calculated at every

























The qualifier "Value to calculate is" (Ql) has the value "orbital average




The qualifier "spacecraft orientation is" (Q4) has the value "planet" for
Rule 25 and "inertial" for Rule 26. The user is shown a screen
JLE NUMBER: 26K^







ORBIT.BAT is an external DOS bateh file, which passes the
information shown, and returns the orbital average information shown
o0
e temperatures and heat loadsl1 averagi^ •4^
?_
£CO


















































The variables are taken from the expert system's known information.
If any variable is not previously defined, the expert system will try to





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































alue to calculate is (surface
the performance time is (EC
































[EPSILONl IS GIVEN THE
[ALPHA] IS GIVEN THE
[MATERIAL] IS GIVEN T
TYPICAL_APPLICATION$=


























































































































































































































































































































































































































































































.requested". The value is
i the surface properties analysis (Rules3_oscreen containing the solut
3 two buttons one to continue, and one1Iom"coCOICD£*~\CO•^1CO•<*





































































































































































































































































































































































































































the performance time is (EOL (end






















[EPSILON] IS GIVEN THE VALU1
[ALPHA] IS GIVEN THE VALUE
[APPLICATION] IS GIVEN THE
SURFACE$==[MATERIAL], $TYPI



























































the performance time is (BOL (begi

















[EPSILON] IS GIVEN THE VALU1
[ALPHA] IS GIVEN THE VALUE
[APPLICATION] IS GIVEN THE
SURFACE$==[MATERIAL], $TYPI












































































































































































































THIS PAGE INTENTIONALLY LEFT BLANK
B2 Qualifiers
/* Qualifier 1
Q> Value to calculate is
V> radiator area (given temperature)
V> surface temperature
V> enclosure temperatures and heat loads
V> orbital average temperatures and heat
loads
V> surface properties
V> none of the above
Name: CALCULATION OPT
Maximum acceptable = 1
/* Qualifier 2





V> none (just radiate internal power)
Name: RADIATION EFFEC
/* Qualifier 3
Q> Orbit information will be
V> user specified local sun and Planet vector
V> user specified global sun and Planet vector
with orbit information (orbital elements)
V> defaults
V> User specified Beta angle
Name: ORBIT INFO
Maximum acceptable = 1
/* Qualifier 4




Maximum acceptable = 1
/* Qualifier 5
Q> The spacecraft orbit is
V> LEO (Low Earth Orbit)
V> GEO (Geosynchronous Earth Orbit)
Name: LEO/GEO
Maximum acceptable = 1
/* Qualifier 6
Q> Solar view factors are
V> calculated
V> unknown
Name: SOLAR VIEW FACT
Default value = 2
Maximum acceptable = 1
/* Qualifier 7




Default value = 2
Maximum acceptable = 1
/* Qualifier 8
Q> Planet view factors are
V> calculated
V> unknown
Name: PLANET VIEW FAC
Maximum acceptable = 1
/* Qualifier 9
Q> the performance time is
V> BOL (beginning of life)
V>EOL(endoflife)
Name: BOL/EOL
Maximum acceptable = 1
Qualifiers B3
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/* Qualifier 10




Maximum acceptable = 1
/* Qualifier 11




Maximum acceptable = 1
/* Qualifier 12
Q> Surface temperature to be calculated is
V> radiator temperature given area
V> environmental temperature
Name: SURFACE TEMP
Maximum acceptable = 1
/* Qualifier 13
Q> Surface properties are
V> calculated
V> unknown
Name: SURF PROPS CAL
/* Qualifier 14





Q> Planet view factors calculations are
V> finished
V> undecided

















Q> The report information is to be
V> appended to the current file
V> written to a new file
V> no file output
Name: APPEND TO FILE
Default value = 3
Maximum acceptable = 1
/* Qualifier 20





Q> Enclosure radiation effects are to be
V> calculated
V> user input
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C2 Screens
EXSYS -Professions! ;
Choose the analysis to perform:
surface area {given temperature) .
surface temperature
enclosure temperature and heat loads












Choose the analysis to perform:
-BUTTON "surface area (given temperature)", "ql 1", 60, 60, 395, 40 -I
-BUTTON "surface temperature", "ql 2", 60, 110, 395, 40 -I
-BUTTON "enclosure temperatures and heat loads", "ql 3", 60, 160, 395, 40 -I
-BUTTON "orbital temperatures and heat loads", "ql 4", 60, 210, 395, 40 -I
-BUTTON "surface properties", "ql 5", 60, 260, 395, 40 -I
-BUTTON "EXIT", "Ql 6", 60, 310, 395, 40 -I
-END
Screens C3
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EXSYS Pro
Rodkftiort effects to include




D Enclosure Radiation .










Radiation effects to include:
-CURSET 32, 59
Choose one or more of the following
-BUTTON "Sun", "q2 1", 65, 77, 238, 35 -C
-BUTTON "Planet", "q2 2", 65, 120, 238, 35 -C
-BUTTON "Albedo", "q2 3", 65, 160, 238, 35 -C
-BUTTON "Enclosure Radiation", "q2 4", 65, 199, 238, 35 -C
-BUTTON "internal power only", "q2 5", 65, 240, 238, 35 -C
-BUTTON "CONTINUE", "", 127, 289, 100, 33 -I
-END
C4 Screens
EXSYS Professional . !
Orbit information will be:
I • loco! Syn-and Pionei vector I
global Sun vector with orbit information { orbital Demerits)









Orbit information will be:
-BUTTON local sun and Planet vector", "Q3 1", 20, 47, 476, 35 -I
-BUTTON "global sun vector with orbit information (orbital elements)", "Q3 2", 20, 90, 476, 35 -I
-BUTTON "beta angle (not available)", "", 20, 130, 476, 35














-BUTTON "Planet", "Q4 1", 69, 49, 100, 35 -I
















-BUTTON "LEO (Low Earth Orbit)", "Q5 1", 27, 45, 243, 35 -I




Choose t ne performance time for the surface:
BOL (Seginnifjg Of tile)
: £01 (End Of Life)
Figure 28 ~Q9
-Q9






The perfomance time for the surface:
-BUTTON "BOL (Beginning Of Life)", "q9 1", 62, 44, 229, 35 -I
















The known surface information is:
-BUTTON "Use of the surface", "qlO 1", 34, 95, 240, 35 -I




Choose the temperature analysis










Choose the temperature analysis
-BUTTON "Surface temperature (given area)", "q!2 1", 35, 52, 274, 35 -I




Do you want to modify the Planet-View factors:
Figure 31 -Q14
-Q14






modify the planet view factors?
-BUTTON "yes", "Q14 1", 116, 47, 75, 35 -I



























-EDIT "[MU]",.225, 50, 103, 35 -M:l
-EDIT "[FE]", 225, 90, 103, 35 -M:l
-EDIT "[EPSILON]", 225, 130, 103, 35 -M:l
-EDIT "[ALPHA]", 225, 170, 103, 35 -M:l
-BUTTON "OK", "Q16 2", 261, 228, 75, 35 -I


































-EDIT "[ALB]", 225, 45, 103, 35 -M:l
-EDIT "[S]", 225, 85, 103, 35 -M:l
-EDIT "[E]", 225, 125, 103, 35 -M:l
-EDIT "[RE]", 225, 165, 103, 35 -M:l
-BUTTON "OK", "Q17 2", 241, 217, 75, 35 -I





The surface is used for inferior structure
The surface is mode of block paint
the performance time is 80L
Emissivity .9. .
Solar absorptivity .9
1 1 Modify [ | ConJintMjT
Figure 34 -Q18
-Q18








The surface is used for [[APPLICATION]]
-CURSET 54, 96







-BUTTON "Modify", "Q18 1", 113, 213, 106, 35 -I














Enter enclosure radiation heat load (W):
-EDIT "[QENCL]", 396, 11, 103, 35 -M:l
-BUTTON "OK", "Q21 2", 330, 66, 75, 35 -I






Instrument inside the enclosure
Surface area of enclosure instrument (m~2)














Instrument inside the enclosure
-TEXTSIZE NORMAL
-CURSET 29, 77
Surface area of enclosure instrument (mA2)
-CURSET 29, 114
Emissivity of enclosure instrument
-EDIT "[AINST]", 426, 50, 100, 35 -M:l
-EDIT "[EPSINST]", 425, 92, 100, 35 -M:l


















opogee motor ihefmai shisW











Choose the surface application:
-BUTTON "interior structure", "[APPLICATION] 'interior structure'", 25, 30, 272, 25 -I
-BUTTON "antenna reflector", "[APPLICATION] 'antenna reflector"1, 25, 60, 272, 25 -I
-BUTTON "north panel radiator", "[APPLICATION] 'north panel radiator'", 25, 90, 272, 25 -I
-BUTTON "south panel radiator", "[APPLICATION] 'south panel radiator"1, 25, 120, 272, 25 -I
-BUTTON "solar panel", "[APPLICATION] 'solar panel'", 25, 150, 272, 25 -I
-BUTTON "antenna structure", "[APPLICATION] 'antenna structure"', 25, 180, 272, 25 -I
-BUTTON "thermal insulation", "[APPLICATION] 'thermal insulation1", 25, 210, 272, 25 -I
-BUTTON "apogee motor thermal shield", "[APPLICATION] 'apogee motor thermal shield"1, 25, 240,
272, 25 -I
-BUTTON "propellant insulation", "[APPLICATION] 'propellant insulation'", 25, 270, 272, 25 -I




Enter the area of radiating surface (m~2)
Figure 38 -[AREA]
-[AREA]







Enter the area of radiating surface (mA2)
-EDIT "[AREA]", 400, 12, 103, 35 -M:l






















-EDIT "[CEPS]", 161, 50, 103, 35 -L
[[EPSILON]]
-LISTEND
-EDIT "[CALP]", 161, 90, 103, 35 -L
[[ALPHA]]
-LISTEND





true anomaly at epoch (deg)
semi-major axis (km)
eccentricity
Figure 40 Spacecraft Position screen
~[ECC]











-EDIT "[vO]", 280, 50, 100, 35 -M:l
-EDIT "[SMA]", 280, 90, 100, 35 -M:l
-EDIT "[ECC]", 280, 130, 100, 35 -M:l










side 5 ( + X)






























-EDIT "[FE1U]", 180, 40, 100, 35 -L
[[FE1]]
-LISTEND
-EDIT "[FE2U]", 180, 80, 100, 35 -L
[[FE2]]
-LISTEND
-EDIT "[FE3U]", 180, 120, 100, 35 -L
HFE3]]
-LISTEND
-EDIT "[FE4U]", 180, 160, 100, 35 -L
[[FE4]]
-LISTEND
-EDIT "[FE5U]", 180, 200, 100, 35 -L
[[FE5]]
-LISTEND
-EDIT "[FE6U]", 180, 240, 100, 35 -L
[[FE6]]
-LISTEND




Specify in global coordinates


























-EDIT "[GS1]", 75, 65, 49, 35 -M:l
-EDIT "[GS2]", 75, 105, 49, 35 -M:l









-EDIT "[GE1]", 230, 65, 49, 35 -M:l
-EDIT "[GE2]", 230, 105, 49, 35 -M:l
-EDIT "[GE3]", 230, 145, 49, 35 -M:l










argument of periapsis (deg)



















argument of periapsis (deg)
-CURSET 14, 195





-EDIT "[INC]", 280, 50, 100, 35 -M:l
-EDIT "[OMEGA]", 280, 90, 100, 35 -M:l
-EDIT "[WOMEGA]", 280, 130, 100, 35 -M:l
-EDIT "[vOr, 280, 170, 100, 35 -M:l
-EDIT "[SMA]", 280, 210, 100, 35 -M:l
-EDIT "[ECC]", 280, 250, 100, 35 -M:l






1st insulated side number
2nd insulated side number
3rd insulated side number
4th insulated side number















1st insulated side number
-CURSET 10, 105
2nd insulated side number
-CURSET 10, 145
3rd insulated side number
-CURSET 10, 185
4th insulated side number
-CURSET 10, 225
5th insulated side number
-EDIT "[INS1]", 261, 39, 60, 33 -M:l
-EDIT "[INS2]", 261, 80, 60, 33 -M:l
-EDIT "[INS3]", 261, 120, 60, 33 -M:l
-EDIT "[INS4]", 261, 160, 60, 33 -M:l
-EDIT "[INS5]", 261, 200, 60, 33 -M:l




Choose the surface material:
| black pgwi
[ white paiflt


















Choose the surface material:
-BUTTON "black paint", "[MATERIAL] "black paint'", 25, 30, 285, 25 -I
-BUTTON "white paint", "[MATERIAL] 'white paint"1, 25, 60, 285, 25 -I
-BUTTON "optical solar reflector", "[MATERIAL] 'optical solar reflector'", 25, 90, 285, 25 -I
-BUTTON "graphite/epoxy", "[MATERIAL] 'graphite/epoxy'", 25, 120, 285, 25 -I
-BUTTON "aluminized kapton", "[MATERIAL] 'aluminized kapton'", 25, 150, 285, 25 -I
-BUTTON "tiodized titanium", "[MATERIAL] 'tiodized titanium'", 25, 180, 285, 25 -I
-BUTTON "aluminum", "[MATERIAL] 'aluminum'", 25, 210, 285, 25 -I
-BUTTON "aluminum tape", "[MATERIAL] 'aluminum tape"1, 25, 240, 285, 25 -I
-BUTTON "deposited aluminum", "[MATERIAL] 'deposited aluminum'", 25, 270, 285, 25 -I
-BUTTON "anodized aluminum", "[MATERIAL] 'anodized aluminum1", 25, 300, 285, 25 -I
-BUTTON "solar cells", "[MATERIAL] 'solar cells'", 25, 330, 285, 25 -I
-BUTTON "gold", "[MATERIAL] 'gold1'1, 25, 360, 285, 25 -I















Enter number of orbit points to be calculated:
-EDIT "[NUMPTS]", 415, 20, 75, 35 -M:l


























-BUTTON "MERCURY1, "[PLANET] 'MERCURY", 25, 30, 192, 25 -I
-BUTTON "VENUS", "[PLANET] VENUS'", 25, 60, 192, 25 -I
-BUTTON "EARTH", "[PLANET] 'EARTH'", 25, 90, 192, 25 -I
-BUTTON "MOON ", "[PLANET] 'MOON'", 25, 120, 192, 25 -I
-BUTTON "MARS ", "[PLANET] 'MARS'", 25, 150, 192, 25 -I
-BUTTON "JUPITER", "[PLANET] 'JUPITER'", 25, 180, 192, 25 -I
-BUTTON "SATURN", "[PLANET] 'SATURN'", 25, 210, 192, 25 -I
-BUTTON "URANUS", "[PLANET] 'URANUS'", 25, 240, 192, 25 -I
-BUTTON "NEPTUNE", "[PLANET] 'NEPTUNE'", 25, 270, 192, 25 -I














Enter the internal heat load to dissipate (W)
-EDIT "[QPOWER]", 460, 15, 103, 35 -M:l





Enter temperature of radiating surface (K) 273
Figure 49 Surface Temperature screen
-[TEMP]







Enter the temperature of radiating surface (K)
-EDIT "[TEMP]", 450, 16, 103, 35 -M:l










0 (m) side 1 (-Z)
0 (m) side 2 (-Y)
















^^^^^^^ internal burraces are biaci-^^
Number of decoupled









































-EDIT "[X]", 57, 75, 75, 35 -S:S -M:l
-EDIT "[Y]", 57, 115, 75, 35 -S:S -M:l
















-EDIT "[ALPS1]", 325, 75, 100, 35 -M:l
-EDIT "[ALPS2]", 325, 115, 100, 35 -M:l
-EDIT "[ALPS3]", 325, 155, 100, 35 -M:l
-EDIT "[ALPS4]", 325, 195, 100, 35 -M:l
-EDIT "[ALPS5]", 325, 235, 100, 35 -M:l
-EDIT "[ALPS6]", 325, 275, 100, 35 -M:l
-CURSET 477, 60
Emissivity
-EDIT "[ALPIR1]", 473, 70, 100, 36 -M:l
-EDIT "[ALPIR2]", 473, 115, 100, 35 -M:l
-EDIT "[ALPIR3]", 473, 155, 100, 35 -M:l
-EDIT "[ALPIR4]", 473, 195, 100, 35 -M:l
-EDIT "[ALPIR5]", 473, 235, 100, 35 -M:l
-EDIT "[ALPIR6]", 473, 275, 100, 35 -M:l
-CURSET 2, 395
Number of decoupled sides:
-TEXTSIZE SMALL
-CURSET 5, 427
a decoupled side is one with no net heat across
it
-EDIT "[NUMINS]", 273, 359, 47, 35 -M:l
-TEXTSIZE NORMAL









Internal Surfaces are Black






Specify in local coordinates


























-EDIT "[XS]", 75, 65, 49, 35 -M:l
-EDIT "[YS]", 75, 105, 49, 35 -M:l









-EDIT "[XE]", 230, 65, 49, 35 -M:l
-EDIT "[YE]", 230, 105, 49, 35 -M:l
-EDIT "[ZE]", 230, 145, 49, 35 -M:l





Surface Area: .1286 m-2
Surface Temperture:... 273 K
Rle Output
select one value
D writs a new flle
a append to file
D No file output




Planet Flux;,,,,. 236 W/m-2
Solor view factor;..,.. 0
Pfanet view factor: .248
Albedo coefficient: 3
Heat load radiated from surface:.,. 2.02 W
Heat food due to the sun:..., 0.00 W
Heat load due to the planet: 0,37 W
Heat: toad due to the albedo: 0.64 W
Heat load due to the enclosure: 0.00 W
Heat load to dissipate: „„ 1.00 W
Figure 52 -[REPORT1]
-[REPORT1]









Surface Area: [[area]8.4] mA2




Heat load radiated from surface: [[qrad]5.2] W
Heat load due to the Sun: [[qsun]5.2] W
Heat load due to the Planet: [[qplanet]5.2] W
Heat load due to the Planet's albedo:.... [[qalbedo]5.2] W
Heat load due to the enclosure: [[qencl]5.2] W




Solar Flux: [[S]] W/mA2
Planet Flux: [[E]] W/mA2
Solar view factor: [[mu]]











-BUTTON "write a new file", "q!9 2", 635, 60, 148, 30 -C
-BUTTON "append to file", "q!9 1", 635, 90, 150, 30 -C
-BUTTON "no file output", "q!9 3", 635, 120, 150, 30 -C




Surface Area: -0.1301 m~2
Surface Temperture:.,. 100 K
File Output
•eject oiw value
a writ* a n«w file
D append to file
D No fito output
effects to tncfude sun AND planet AND albedo
Surface emissivity: 05
Surface absorptivity:, 05
Sotor Flux; 1356 W/m-2
Ranet Fte 236 W/m-2
Sofar view factor: 0
Plane! view factor: 248
A&edo coefficient;...,. .3
Heat toad radiated from surface:,,, -0,04 W
Heat load due to the sun; 0.00 W
Heat load due to the ptonet: -0.38 W
Heal toad due to the albedo: -0.65 W
Heat bod due to the enclosure;.,,,.0.00 W
Heat load to dissipate;. 1,00 W
Figure 53 -[REPORT2]
-[REPORT2]












Surface Area: [[area]] mA2
-BACKGROUND LTGRAY




Heat load radiated from surface: [[qrad]5.2] W
Heat load due to the Sun: [[qsun]5.2] W
Heat load due to the Planet: [[qplanet]5.2] W
Heat load due to the Planet's albedo:.... [[qalbedo]5.2] W
Heat load due to the enclosure: [[qencl]5.2] W




Solar Flux: [[S]] W/m*2
Planet Flux: [[E]] W/mA2
Screens C35
Solar view factor: [[mu]]










-BUTTON "write a new file", "q!9 2", 635, 60, 148, 30 -C
-BUTTON "append to file", "q!9 1", 635, 90, 150, 30 -C
-BUTTON "no file output", "q!9 3", 635, 120, 150, 30 -C




Surface Temperture:... 230.27 K
File Output
select ana value
a write a new file
D append to file
a No file output
Radiation effects to include sun AMD PSonet AMD oibedo
Surface emissivity: 05
Surface absorptivity: 05
Soiar Flux: 1356 W/m~2
Planet Flux: 236 W/m~2
Solar view factor:...., 0
Planet view factor:..... .248
Albedo coefficient: 3
Heat flux due to the sun:,,.,.,
Heat flux due to the planet:.





















Solar Flux: [[S]] W/mA2
Planet Flux: [[E]] W/mA2
Solar view factor: [[mu]]
Planet view factor: [[fe]]
Albedo Coefficient:.... [[alb]]
-CURSET 368, 210
Heat flux due to the Sun: [[xsun]5.2] W/mA2
Heat flux due to the Planet: [[xplanet]5.2] W/mA2
Heat flux due to the Planet's albedo:... [[xalbedo]5.2] W/mA2
-FILL.COLOR WHITE
-BACKGROUND WHITE







-BUTTON "write a new file", "q!9 2", 635, 60, 150, 30 -C
-BUTTON "append to file", "q!9 1", 635, 90, 150, 30 -C
-BUTTON "No file output", "q!9 3", 635, 120, 150, 30 -C































longitude of Ascending node: 0 deg
Argument of P#riops?s: 0 deg.
True Anomaly at Epoch: 0 deg
Semi-major axis: -6578 km
Eccentricity: 0
The spacecraft orbit is iEO (Low Corth Orbit)
The spacecraft orientation is










































a write a new file
D append to file
O No file output
Figure 55 -[REPORT4]
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side 1: [[T1J6.2] K
side 2: [[T2J6.2] K
side 3: [[T3]6.2] K
side 4: [[T4J6.2] K
side 5: [[T516.2] K
side 6: [[T6J6.2] K
-CURSET 279, 80
Net Surface Heat loads
-CURSET 299, 100
side 1: [[Q116.2] W
side 2: [[Q216.2] W
side 3: [[Q316.2] W
side 4: [[Q4J6.2] W
Screens C39
side 5: [[Q5J6.2] W

























Longitude of Ascending node: [[OMEGA]] deg
Argument of Periapsis: [fWOMEGA]] deg
True Anomaly at Epoch: [[vO]] deg

































-BUTTON "write a new file", "q!9 2", 816, 433, 150, 30 -C
-BUTTON "append to file", "q!9 1", 816, 463, 150, 30 -C
-BUTTON "No file output", "q!9 3", 816, 493, 150, 30 -C




Gft>ii average temperature: 193,75 K
Highest temperature detla during orbtt: 5.01 K: true o
Highest temperature during orbit: 196.81 K side: 5 it
Lowest temperature during orbit: 1-91,80 K sicfe: 3 tn
Orbit average heat toad: 16.14
Htghiest heat toad ddto during orbit: 6.75 W; true anc
QrbTl Average Temps Orbit Average Heat toads £
side 1: 193.47 K side 1: 16.12 W fcfumba
side 2: 193.47 K side 2: 16.1-2 W Incllnat
side 3: 131.8Q K side 3. 1598W Longitu
sjde 4: 193.47 K stse 4; 16. 5 2 W Argume
side 5: 196.81 K side 5: 16.40 W True An
Side 6: 193.47 K side 6; 16J2 W $$mi-r
£ccentr
Extefnaf Suftoce Properties The spc
emissivfity absorptivity
side 1. -O5 side 1: .05
side 2. .05 side 2: .05
side 3: .05 side 3; .05 jCortlirvue I
side 4; ,05 side 4, ,05
side 5: -O5 side 5: .05
side 6: .05 side %: .05
suits
rtomaJy 0 deg
ue anomaly 0 deg
je artomofy 0 deg
>rnoly 0 deg
Jrfatt kyformottart
• &i orbit pobis analyzed: 12
on: 28.5 deg
de af Ascending node: 0 deg
nt of PeriapsFs: 0 deg
omoiy oi Epoch: 0 deg
nojor Oxis* 6578- kfft
icity: 0
jeecraft ofientotiop Js pfoftet
File Output
select one value
O write a new file
a append to file
a No file output
Figure 56 -[REPORTS]
-[REPORTS]










Orbit average temperature: [[tavet]6.2] K
Highest temperature delta during orbit: [[tdelta]6.2] K : true anomoly [[vOdelt]] deg
Highest temperature during orbit: [[thigh]6.2] K side: [[shigh]] true anomoly: [[vOhigh]] deg
Lowest temperature during orbit: [[tlow]6.2] K side: [[slow]] true anomoly: [[vOlow]] deg
-CURSET 42, 200
Orbit average heat load: [[qavet]6.2] W




side 1: [[Tl]6.2] K
side 2: [[T2]6.2] K
C42 Screens
side 3: [[T3]6.2] K
side 4: [[T4J6.2] K
side 5: HT5J6.2] K
side 6: [[T6]6.2] K
-CURSET 254, 270
Orbit Average Heat loads
-CURSET 262, 301
side 1: [[Ql]6.2] W
side 2: [[Q216.2] W
side 3: [[Q316.2] W
side 4: [[Q4]6.2] W
side 5: [[Q5]6.2J W
























Number of orbit points analyzed: [[numpts]]
Inclination: [[INC]] deg
Longitude of Ascending node: [[OMEGA]] deg
Argument of Periapsis: [[WOMEGA]] deg
True Anomaly at Epoch: [[vO]] deg










-BUTTON "write a new file", "q!9 2", 750, 570, 150, 30 -C
Screens C43
-BUTTON "append to file", "q!9 1", 750, 600, 150, 30 -C
-BUTTON "No file output", "q!9 3", 750, 630, 150, 30 -C




The surface is used lor interior structure
The surface is naade of block p<jirtt





a write a new file
D append to file
a No file output
Figures? -[REPORTS]
-[REPORTS]






The surface is used for [[APPLICATION]]













-BUTTON "write a new file", "q21 2", 445, 180, 150, 30 -C
-BUTTON "append to file", "q21 1", 445, 211, 150, 30 -C
-BUTTON "No file output", "q213", 444, 243, 150, 30 -C
-BUTTON "Continue", "[REPORT6] = 1", 252, 244, 106, 35 -I
-END
Screens C45








PRfiGiiO*N€i PAGE BLANK NOT FILMED
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D2 Default Data Files














Default Data Files D3
PAGE BLANK WOT
AINSTSCR.DAT
1 /* Surface area of the enclosure
instrument
1 /*emissivity of instrument surface
inside the enclosure
ALBSCR.DAT
.3 /* albedo coefficient
1356 /* solar flux W/mA2
236 I* planet flux W/mA2
6378 /* radius of the planet km
ALPSCR.DAT
0 /* solar view factor
.287 /* planet view factor
.05 /* emissivity of surface
.05 /* solar absorptivity of surface
AREASCR.DAT
1 /* area of surface mA2
ECCSCR.DAT
0 /* true anomaly at epoch deg
6785.0 /* semi-major axis km
0 I* eccentricity
GSSCR.DAT
-1 /* x component of the global sun
vector
0 /* y component of the global sun
vector
0 /* z component of the global sun
vector
INCSCR.DAT
28.5 I* inclination deg
0 /* line of nodes
0 I* line of periapsis deg
0 /* true anomaly at epoch deg
6785.0 /* semi-major axis km
0 /* eccentricity
PTSSCR.DAT
12 /* number of points in the orbit
QENCLSCR.DAT
0 /* enclosure radiation to dissipate
QPSCR.DAT
1.0 /* internal power to dissipate W
TEMPSCR.DAT



















/* dimension along the x axis
/* dimension along the y axis
/* dimension along the z axis
/* solar absorptivity for each surface
I* emissivity for each surface
/* number of decoupled sides
XSSCR.DAT
-1 /* x component of the local sun vector
0 /* y component of the local sun vector
0 /* z component of the local sun vector
0 /* x component of the local planet
vector
0 /* y component of the local planet
vector
0 /* z component of the local planet
vector







































































































































































































































































area of radiator (mA2) = 0.06
temperature of the radiator (K) = 273.00
Radiation effects to include internal power only
heat radiated from the surface (W) = 1.00
heat load on surface due to sun (W) = 0.00
heat load on surface due to planet (W) = 0.00
heat load on the surface due to albedo (W) = 0.00
Enclosure heat to be radiated (W) = 0.00
heat load to be dissipated (W) = 1.00
emissivity of the radiating surface = .05
absorptivity of the radiating surface = .05
solar flux W/mA2 = 1356
planet flux W/mA2 = 236
solar angle (= cos(theta) where theta is the angle (in rad) between the sun
vector and the plane normal) of the radiating surface. -Between 0 and 1=0
view factor to the planet of the radiating surface = .248




temperature of the radiator (K) = 238.83
Radiation effects to include sun AND planet AND albedo
emissivity of the radiating surface = .05
absorptivity of the radiating surface = .05
solar flux W/mA2 = 1356.00
planet flux W/mA2 = 236.00
solar angle (= cos(theta) where theta is the angle (in rad) between the sun
vector and the plane normal) of the radiating surface. -Between 0 and 1 = 0
view factor to the planet of the radiating surface = .287
albedo coefficient = .3
heat flux on surface due to sun (W/mA2) = 0.00
heat flux on surface due to radiation of planet (W/mA2) = 3.39





Temperature of side 1 (K) = 295.67
Temperature of side 2 (K) = 295.67
Temperature of side 3 (K) = 303.36
Temperature of side 4 (K) = 295.67
Temperature of side 5 (K) = 298.25
Temperature of side 6 (K) = 295.67
Net Surface Heat loads
Net heat on side 1 = -12.44
Net heat on side 2 = -12.44
Net heat on side 3 = 43.79
Net heat on side 4 = -12.44
Net heat on side 5 = 5.97
Net heat on side 6 = -12.44
External Surface Properties
emissivity
Infrared absorptivity of side 1 (assuming gray bodies = emissivity) = .05
Infrared absorptivity of side 2 (assuming gray bodies = emissivity) = .05
Infrared absorptivity of side 3 (assuming gray bodies = emissivity) = .05
Infrared absorptivity of side 4 (assuming gray bodies = emissivity) = .05
Infrared absorptivity of side 5 (assuming gray bodies = emissivity) = .05
Infrared absorptivity of side 6 (assuming gray bodies = emissivity) = .05
absorptivity
Solar absorptivity of side 1 = .05
Solar absorptivity of side 2 = .05
Solar absorptivity of side 3 = .05
Solar absorptivity of side 4 = .05
Solar absorptivity of side 5 = .05
Solar absorptivity of side 6 = .05
Orbit Information
orbit inclination (deg) = 0
longitude of ascending node (deg) = 0
satellite position (deg) = 0
true anomaly at epoch = 0
Semi-major axis (km) = 6785
eccentricity of orbit = 0
The spacecraft orbit is LEO (Low Earth Orbit)
The spacecraft orientation is inertial
View Factors
Solar
Solar view factor for side 1 = 0
solar view factor for side 2 = 0
solar view factor for side 3=1
solar view factor for side 4 = 0
Solar view factor for side 5 = 0
solar view factor for side 6 = 0
Planet
Planet view factor for side 1 = .287116
E8 Report Generator
planet view factor for side 2 = .287116
Planet view factor for side 3 = 0
Planet view factor for side 4 = .287116
Planet view factor for side 5 = .883628




the average temperature in the enclosure over the entire orbit (K) = 195.94
Highest temperature delta (K) = 5.01
position with the highest temperture delta = -4.712389
the highest temperature value (K) = 199.96
the side with the highest temperature value = 4
The position with the highest temperture value = -5.235988
Lowest temperature in orbit analysis (K) = 191.80
side with lowest temperature = 3
Position of the lowest temperature = 0
the average heat load in the enclosure over the entire orbit (W) = 16.33
Highest heat load delta (W) = 7.04
position with the highest heat load delta = -5.759587
Surface Temperatures
Temperature of side 1 (K) = 195.59
Temperature of side 2 (K) = 196.11
Temperature of side 3 (K) = 196.11
Temperature of side 4 (K) = 196.11
Temperature of side 5 (K) = 196.11
Temperature of side 6 (K) = 195.59
Net Surface Heat loads
Net heat on side 1 = 16.30
Net heat on side 2 = 16.34
Net heat on side 3 = 16.34
Net heat on side 4 = 16.34
Net heat on side 5 = 16.34
Net heat on side 6 = 16.30
External Surface Properties
emissivity
Infrared absorptivity of side 1 (assuming gray bodies = emissivity) = .05
Infrared absorptivity of side 2 (assuming gray bodies = emissivity) = .05
Infrared absorptivity of side 3 (assuming gray bodies = emissivity) = .05
Infrared absorptivity of side 4 (assuming gray bodies = emissivity) = .05
Infrared absorptivity of side 5 (assuming gray bodies = emissivity) = .05
Infrared absorptivity of side 6 (assuming gray bodies = emissivity) = .05
absorptivity
Solar absorptivity of side 1 = .05
Solar absorptivity of side 2 = .05
Solar absorptivity of side 3 = .05
Solar absorptivity of side 4 = .05
Solar absorptivity of side 5 = .05
Solar absorptivity of side 6 = .05
Orbit Information
orbit inclination (deg) = 28.5
longitude of ascending node (deg) = 0
satellite position (deg) = 0
true anomaly at epoch = 0
Semi-major axis (km) = 6785
eccentricity of orbit = 0
E10 Report Generator




Planet view factor for side 1 = .25
planet view factor for side 2 = .25
Planet view factor for side 3 = 0
Planet view factor for side 4 = .25
Planet view factor for side 5 = .84
Planet view factor for side 6 = .25
Orbit Average Temps
Orbit Information
Number or orbital points to be analyzed = 12
orbit inclination (deg) = 28.5
longitude of ascending node (deg) = 0
satellite position (deg) = 0
true anomaly at epoch = 0
Semi-major axis (km) = 6785
eccentricity of orbit = 0




Surface APPLICATION = antenna reflector
Surface material = white paint
the performance time is BOL (beginning of life)
emissivity of the radiating surface = .05




FORTRAN Program List Fl
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F2 FORTRAN Program List
The following information is organize to create quick references for the designer.
The first section contains a list of the source code routines and a biref description on each. The second section
contains a list of fortran files and the routines in each. The third section contians a list of executables and the files
that must be linked to create them.
SUBROUTINE AREA
Calculates the areas of each side. The side axes are defined.
SUBROUTINE CALCEB
Calculates the blackbody radiation for each surface
SUBROUTINE CALCQ
Calculates the heat load on each surface
SUBROUTINE CALCT
Calculates the temperatures given EB
SUBROUTINE CALCVWF
Calculates view factors for the internal enclosure
SUBROUTINE CALFEB
Calculates the FEE matrix FEB = view factors * areas. It is the coefficient matrix to the blackbody radiation terms,
EB (see documentation)
SUBROUTINE CALFEI
Calculates the earth view factor for inertial orientation
SUBROUTINE CALFEP
Calculates the earth view factor for planet orientation
SUBROUTINE CALFLUX
Calculates the environmental fluxes. Fills the X matrix and the XRAD matrix
SUBROUTINE CALSOLR
Calculates the dot product of the solar vector and the unit normals of each surface
SUBROUTINE CALVFNOR
Calculates the view factor from a plane element to a sphere. Used as the earth view factor normal from "thermal
radiation heat transfer" by Siegel and Howell: APPENDIX C
SUBROUTINE CALVFTAN
Calculates the view factor from a plane element to a sphere. Used as the earth view factor tangential from "Thermal
Radiation Heat Transfer" by Siegel and Howell: APPENDIX C
FUNCTION DOTPROD
Calculates the dot product of two vectors x and y
SUBROUTINE EAREAD
Reads the input for the enclosure analysis
SUBROUTINE EARWRTT
FORTRAN Program List F3
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Writes planet view factors for each side, and the normal and tangential components to "RETURN.DAT"
SUBROUTINE ENCINIT
Initialize the constants and sets the matrices to 0.0
SUBROUTINE ENCLREAD
Reads the input for the enclosure analysis
SUBROUTINE ENCWRTT
Writes temperature and heat load to "RETURN.DAT"
SUBROUTINE REREAD
Reads the input for the planet view factor analysis
PROGRAM FETANOR
Calculates the earth view factors normal and tangential plates.
SUBROUTINE FEWRIT
Writes normal and tangential view factors to "RETURN.DAT"
SUBROUTINE IJK2PQR
**** THIS SUBROUTINE IS CURRENTLY NOT USED, BUT LEFT FOR FUTURE REFERENCE ****
Fills the coefficient matrix this conversion was taken from "Fundamentals of Astrodynamics" by Bate, Mueller and
White
SUBROUTINE MATADD
Adds two matrices all three matrices are dimension nxm
if IFAC =-1 then subtraction if IFAC = 1 then addition
SUBROUTINE MATMUL
Multiplies two matrices a is dimension N,M B is dimension M,L C is dimension N,L
SUBROUTINE ORBCOMP
Calculates the orbital average values for temperature and heat loads.
SUBROUTINE ORBFIN
Finishes the orbital calculations at the end of the total orbit points.
SUBROUTINE ORBINIT
Initialize the constants and sets the matrices to 0.0 For the orbital analysis
PROGRAM ORBITAL
This program solves for the temperature and heat loads on an enclosure at distinct orbit points as specified by the
user. For inertially or planet oriented orbits.
SUBROUTINE ORBOUT
Writes temperatures and heat load to "RAD-ORB.DAT"
SUBROUTINE ORBREAD
Reads the input for the orbital analysis
SUBROUTINE ORBWRTT
F4 FORTRAN Program List
Writes all the final statistical analysis to "RETURN.DAT"
SUBROUTINE ORBPROPS
Calculates the orbital radius taken from "Fundamentals of Astrodynamics" by Bate, Mueller and White
SUBROUTINE POSGLOB
Calculates the spacecraft position in global coordinates
SUBROUTINE PQR2IJK
Fills the coefficient matrix for the rotation from perifocal system (P.Q.R) to the global system (IJ.K) see
documentation for derivation
PROGRAM QENCL
Solves for the temperature and heat loads on an enclosure.
SUBROUTINE SHADOW
Determines if the spacecraft is in the shadow of the earth if in the shadows: returns the solar flux as 0.0 And the
solar view factors as 0.0 If not returns the original value for solar flux
PROGRAM SOLARV
Solves for the dot product of the solar vector and the local unit normals on each side of the enclosure.
SUBROUTINE SOLREAD
Reads the input for the solar view factor analysis
SUBROUTINE SOL WRIT
Writes blackbody radiation, heat load and view factors to "RETURN.DAT"
SUBROUTINE SUNREAD
Reads the input for the sun vector analysis
PROGRAM SUNVECT
Calculates the sun vector in local coordinates, given inclination, longitude of ascending node and spacecraft position.
SUBROUTINE SUNWRIT
Writes the three components of the sun vector in local coordinates and the 6 solar view factors
SUBROUTINE CALSUN
Rotates the global sun vector into local coordinates solving the equation ax = b. A is the coefficient matrix from
perifocal to global, b is the coefficient matrix from perifocal to spacecraft x is the local sun vector g is the global
sun vector
SUBROUTINE SURFNOR
Calculates the dot product of x into the local surface normals as defined in documentation x is a vector in local
coordinates y is the dot product with the surface normals
FUNCTION VIEWFAC
Calculates the view factor for two finite plates at 90 deg taken from "Thermal Radiation Heat Transfer" by Robert
Siegel and John R. Howell. Appendix C #14 "two finite rectangles of same length, having on common edge, and
at an angle of 90 deg to each other."
FORTRAN Program List F5
PROGRAM EARTHY
Calculates the earth view factors at any point in an elliptical solar inertial orbit. Given the position in orbit assuming
at time 0 the x axis points from nadir, the y axis points in the orbit direction and the z axis completes the right hand
rule pointing north.
FUNCTION XMAG
Calculates the magnitude of the vector x
F6 FORTRAN Program List








































































FORTRAN Program List F9
EXECUTABLE FILE FILES TO BE LINKED
EARTHV.EXE LINK EARTHV+CALEART+CALVFNT+ORBPROPS
FETANOR.EXE LINK FETANOR+CALVFNT+ORBPROPS
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FORTRAN Source Code 
SUBROUIINE ENCWRII(O.T) 
IMPLICIT RfALt8 (A-H. 0-2) 
C 
C WRllES IEMPLRATURE AND HEAT LOAD TO "RETURN.DAT" 
00 10 l=1,6 
If (ABS(O(1)) .IT. 1 .OF-6) THEN 
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